Fragmentation of the natural environment is a consequence of urbanisation. It impacts the biodiversity of native flora that characterises a region. This study focused on characterising the diversity, composition and distribution of native and alien ruderal species present in different suburbs of Santiago de Chile. We found that plant assemblages of ruderal species were characterised by a higher proportion of alien species (69 taxa), whose original distribution corresponds to the Mediterranean Basin (46 taxa), and a low representation of native species (14 taxa). The results show that the spatial distribution of weeds within Santiago was not random, because two clusters were found based on patterns of compositional similarity. Further research should be undertaken to determine the cause of this phenomenon that probably obeys historical and ecological factors such as the past use of soils or urban landscape ornamentation programs.
INTRODUCTION
Urbanisation is a common trend and an important part of the transformation of natural landscapes, both at local and global scales (Goddard et al. 2009 , Pickett et al. 2001 . A consequence of urbanisation is the modification of native flora biodiversity and associated ecological processes both within the cities and their surroundings (Goddard et al. 2009 , McDonald et al. 2008 , Czech & Krausman 1997 . Recent studies have shown that the distribution of alien species is directly related to the presence of urban centres and street density (Arroyo et al. 2000 , Rapoport 1993 ). Also, the composition of plants within cities is influenced by factors that operate at different scales (Goddard et al. 2009 ). These factors are directly related to globalisation processes, such as a higher frequency of social, cultural and economical exchanges between continents. These processes contribute to the introduction of alien species, accidental or intentionally, for example the introduction of ornamental plants (Kowarik & Lippe 2007 , McKinney 2006 , Mack & Lonsdale 2001 . Alternatively, there are factors stimulating the persistence of native flora, such as native species being more adapted to local conditions, or stimulating extinction of native plants competing with more resistant invasive species (McKinney 2006) . Consequently, the floristic composition inside cities is composed of a variety of native and alien species with differences in forms of life, evolution and biogeographic origins (Kowarik 2008) . It is also important to highlight that urban flora tend to be more diverse (i.e. number of species) than the rural zones (Kühn et al. 2004) . Most of the studies related to urban flora have been carried out on northern hemisphere urban centres, particularly Europe (Albrecht & Haider 2013 , Capotorti et al. 2013 , Gregor et al. 2012 , Ricotta et al. 2012 , Lososová et al. 2011 , Asia (Nagendra & Gopal 2011 , Wang et al. 2011 and North America (Knapp et al. 2012) . These studies have mostly focused their attention on determining the abundance and distribution of species present within these urban centres.
Urban flora studies in South America (MacGregor-Fors & Ortega-Alvarez 2013), and particularly in Chile, have been undertaken mostly for land planning and management (Cursach et al. 2012) with some emphasis in creating a floristic catalogue of woody species with ornamental value (Reyes-Paecke & Meza 2011, Herná ndez 2007, Escobedo et al. 2006 , De la Maza et al. 2002 , Hoffmann 1983 . For this reason only a few studies on ruderal species are available with most of these species being herbaceous and usually considered weeds (Matthei et al. 1995 , De Vallejo 1980 . Studies upon diversity of native or alien ruderal species in Chile are scarce within cities. More work is needed to get a better understanding of the ecology of the species that coexist in urban areas.
The current study is an attempt to characterize distributional patterns of ruderal plants in Santiago. It is the first time this approach has been taken and adds important information to global knowledge. This study aims to document the distribution and relative representation of native and alien ruderal species in streets and sidewalks in different suburbs of Santiago, Chile. It also aims to determine if there is a distributional pattern within the city.
MATERIALS AND METHODS
SAMPLE AREA Santiago de Chile (33°26′16″S; 70°39′01″O) is located in the middle depression in the central zone of the country, between Cordillera de los Andes and Cordillera de la Costa, at 500 to 600 m above sea level. The city was founded in 1541 and its population and size has increased exponentially, as consequence, its natural surroundings have deteriorated overtime. The current size of the city covers approximately 600 km 2 , and has 5.5 million inhabitants (INE, 2002 ). Santiago's climate is Mediterranean, characterised by rainy winters and dry summers (Luebert & Pliscoff 2006) . SAMPLING METHODOLOGY Forty-one sampling sites were randomly located within the city (Fig. 1) . Some suburbs not were represented in the sampling. At each site, ruderal herbs were collected along a 100 m line covering the sidewalk/pavement. Cultivated species were not recorded. All specimens were brought to the Museo Nacional de Historia Natural (Santiago, Chile) for taxonomic determination, and deposited in its herbaria (SGO). Taxonomic identification and biogeographic origin were recorded using De Vallejo (1980) , Matthei et al. (1995) and Instituto de Botánica Darwinion (2011) . Prevalence was calculated as the percentage of transects occupied for each species.
We analysed the diversity and compositional similarity among suburbs, grouping the transects belonging to the same commune. Then, a matrix was built, indicating presence and absence coded with 0 and 1, respectively. The compositional similarity was then calculated using Jaccard index (J, Jaccard 1908). We built a similarity dendrogram using the Unweighted Pair Group Method with Arithmetic Mean (UPGMA; McGarigal et al. 2000) . In order to identify suburb groups with a high compositional similarity, we recalculated 1,000 similarity pseudo-values for the original distribution matrix (Manly, 2006) . Using the distribution of frequency of these 1,000 pseudo-values, we identified the critic value for a non-random distribution with p < 0.05 (Manly 2006) . This data was analysed using Poptools 3.2 for Excel.
RESULTS
The samples included 649 specimens collected from 41 sample sites (Table I) .
A total of 95 taxa were found, from which 85 were identified at species or genus level (Table I) ; the other 10 taxa could not be determined. In total, 24 families were recognized (Table I) , the most common being Asteraceae (17 taxa), Poaceae (12 taxa), Fabaceae (seven taxa), Malvaceae and Oxalidaceae (six taxa), and Brassicaceae (five taxa), all of which represented 62.3% of all species found (see Fig. 2 ).
Species that were found in more than 50% of the transects were Erodium moschatum L'Hér. ex Aiton (prevalence= 53.6%), Lepidium strictum (S.Watson) Rattan (prevalence= 63.4%), Taraxacum (Table I) . Another 38 species were found in less than 5% percent of the transects (Table I) . Alien herbs showed higher prevalence than native ones (χ 2 = 7.4, p < 0.05). The taxonomic richness in the samples ranged between 6 and 21 species per transect, corresponding to San Joaquin and Independencia, respectively. No native species was found in the Santiago suburb, while reduced diversity of native species (< 1 species per transect) were found in La Cisterna and Renca. The remaining suburbs showed greater numbers of native species per transect (between 1 and 4 species per transect). In regards to alien species, La Cisterna, Santiago Centro, San Joaquín and Renca showed lower species richness per transect (< 7 species per transect), while the greatest diversity of herbs alien (> 13 species per transect) were found in Huechuraba, Vitacura, Independence, San Miguel, El Bosque and La Florida. We recorded a positive and significant correlation between native and alien richness (r = 0.44; p < 0.05).
In terms of bio-geographical origin, 16.5% (14 species) of the sampled taxa were natives (Fig. 4) , whereas 81.1% were alien plants. Among alien taxa, the Mediterranean Basin represented 54.1% (46 taxa) of the original distributions recorded (Fig. 4) . Taxa from other continents, including America and Australia, represented 1.8 % of all alien species (Fig. 4) . But all continents were represented (Table II) .
Species distribution between suburbs, presented levels of floristic similarity that oscillated between J = 4.3 (San Joaquín-La Cisterna, Table II ) and J = 66.7 (San Joaquín-Cerro Navia, Table II ). The similarity cladogram combined with the resample analysis, highlighted two recognisable groups that were not randomly distributed. These groups were distinguished for their similarity value J = 27.1% combined to a probability p < 5% (Fig. 3) . The first group included the following suburbs: Santiago Centro, Estación Central, Quinta Normal, Conchalí, San Joaquín, Cerro Navia, Independencia, Recoleta, San Miguel, Pedro Aguirre Cerda, Peñalolén, Macul, Renca, La Granja, Ñuñoa, El Bosque, La Pintana, Lo Prado, and Huechuraba. The second group included La Florida, Providencia, La Reina, Las Condes, and Vitacura (Fig. 3) . . Suburb similarity cladogram in Santiago de Chile (using Jaccard index) according to weed species composition. The segmented line represents the similarity's value (27.1) for which group conglomerates are recognised not to be related to coincidence (p<0.05).
FIGURA 3. Cladograma de similitud para comunas de la ciudad de Santiago de Chile de acuerdo a la composición de especies de malezas. La línea segmentada representa el valor de similitud (27.1) para la cual se reconocen los conglomerados como agrupaciones conformadas más allá del azar (p<0.05). 
DISCUSSION
The present work contributed to research about native and alien urban plants in the Mediterranean part of Chile.
In particular, the results of this study indicated that the urban ruderal flora of Santiago was mainly composed of herbaceous species that have an alien origin, with a low representation of native species. For each native species, we registered approximately 4.9 alien species. Alien species were not only more diverse in terms of number of species but were also more frequent at each sample site (authors, pers. obs.). These observations may be explained by the fact that many alien ruderal species have been introduced in the past for medicinal use, food and/or ornaments (Gay 1845 (Gay -1854 . The fact that they escaped and apparently aren't used anymore makes it favourable for them to be restricted in ruderal urban environments or at the limit of squares and public and private gardens nowadays (De Vallejo 1980) . The scarcity of studies that describe urban flora in Chile is a notorious fact. Hoffmann (1983) described 105 species of trees in Chilean cities, but did not indicate their distribution, of which 7% were native and 93% alien. De la Maza et al. (2002) found that the diversity of species of trees and shrubs in Santiago was correlated with socioeconomic status neighbourhoods. Pauchard et al. (2006) drew attention to the important representation of alien plants in the city of Concepción, soil replacement product to urban use, a situation comparable to Santiago. The high quantity of alien plants in different suburbs of Santiago contrasts with the results of urban studies from other cities (e.g. Brussels, Berlin, Rome), where native species were more diverse than the alien ones (e.g. Albrecht & Haider 2013 , Capotorti et al. 2013 , Gregor et al. 2012 , Knapp et al. 2012 , La Sorte et al. 2014 , Lososová et al. 2011 , Nagendra & Gopal 2011 , Ricotta et al. 2012 , Wang et al. 2011 . A greater sampling effort is needed to confirm these differences and establish the possible causes. However, we recorded a positive correlation between diversity of native and alien species (by transect), which could be explained considering that the environmental conditions that favour native species also favour alien ones (see Asmus & Rapson 2014 , Sax 2002 .
Amongst the alien species, those with Mediterranean origin were dominant, in terms of species richness. This is congruent with the existing studies of Montenegro et al. (1991) , Arroyo et al. (2000) , Figueroa et al. (2004) , Castro et al. (2005) , and Fuentes et al. (2013) whom, together, have established that amongst alien species in Chile, those of European-Mediterranean origin are dominant, not only in central Chile but also at the country level. In spite of the absence of others studies, the dominance of species of European origin seems to be a common phenomenon for South America suburbs (i.e. Córdova and Buenos Aires in Argentina; Fortaleza in Brazil), probably as a consequence of Iberian colonisation (MacGregor-Fors & Ortega-Alvarez 2013) .
Intriguingly the analyses of compositional similarity indicated that the spatial distribution of ruderal plants in Santiago was not randomly determined among the suburbs. Basically, two main suburb groups were recognized indicating that herb species are present on some suburbs are not represented on the other one. Reasons for this phenomenon must be further researched but are probably the result of factors such as urban history, socio-economic strata and the use of soil or urban landscaping programs (see Kowarik 2008 , Pysek 1998 .
Very few studies exist on the ecology of plant species within Chile's urban environments. Floral biodiversity performs important services for the human population; so this is why more studies are essential for understanding how the urbanisation impacts on floral assemblages within cities.
